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ABSTRACT
Extensive metabolic and physiologic changes occur 
during the peripartum, concurrent with a high inci-
dence of infectious disease. Immune dysfunction is a 
likely contributor to the increased risk of disease at 
this time. Studies using high-yielding, total mixed 
ration-fed cows have indicated that neutrophil func-
tion is perturbed over the transition period; however, 
this reported dysfunction has yet to be investigated in 
moderate-yielding, grazing dairy cows. Therefore, we 
investigated changes in the expression of genes involved 
in neutrophil function. Blood was collected from cows 
at 5 time points over the transition period: precalving 
(−1 wk; n = 46), day of calving (d 0; n = 46), and 
postcalving at wk 1 (n = 46), wk 2 (n = 45), and wk 
4 (n = 43). Neutrophils were isolated by differential 
centrifugation and gene expression was investigated. 
Quantitative reverse transcriptase PCR with custom-
designed primer pairs and Roche Universal Probe 
Library (Roche, Basel, Switzerland) chemistry, com-
bined with microfluidics integrated fluidic circuit chips 
(96.96 Dynamic Array, San Francisco, CA) were used 
to investigate the expression of 78 genes involved in 
neutrophil function and 18 endogenous control genes. 
Statistical significance between time points was de-
termined using a repeated measures ANOVA. Genes 
that were differentially expressed over the transition 
period included those involved in neutrophil adhesion 
(SELL, ITGB2, and ITGBX), mediation of the immune 
response (TLR4, HLA-DRA, and CXCR2), matura-
tion, cell cycle progression, apoptosis (MCL1, BCL2, 
FASLG, and RIPK1), and control of gene expression 
(PPARG, PPARD, and STAT3). We noted reduced 
gene expression of proinflammatory cytokines (IFNG, 
TNF, IL12, and CCL2) on the day of calving, whereas 
anti-inflammatory cytokine gene expression (IL10) was 
upregulated. Increased gene expression of antimicrobial 
peptides (BNBD4, DEFB10, and DEFB1) occurred on 
the day of calving. Collectively, transcription profiles 
are indicative of functional changes in neutrophils of 
grazing dairy cows over the transition period and align 
with studies in cows of conventional total mixed ration 
systems. This altered function may predispose cows to 
disease over the transition period and is likely to be a 
natural change in function due to parturition.
Key words: PMN, Fluidigm, peripartum period, 
innate immune function
INTRODUCTION
The transition period in a dairy cow is a critical pe-
riod of metabolic and physiologic change encompassing 
parturition and the onset of lactogenesis (Grummer, 
1995). A considerable alteration in nutrient and meta-
bolic demand is associated with an increased suscep-
tibility to metabolic and infectious disease conditions 
during the peripartum period (Overton and Waldron, 
2004; Ingvartsen, 2006). For example, the incidence of 
intramammary infections is increased in the 4 wk im-
mediately postcalving both in TMR- (Østergaard et al., 
2005) and pasture-based dairy systems (Compton et 
al., 2007). An estimated 30 to 50% of cows are reported 
to experience health disorders during the transition 
period, and the majority (75%) of infectious disease 
and metabolic disorders in dairy cows occur during 
this time (Ingvartsen, 2006; LeBlanc et al., 2006). In 
pasture-based systems an estimated NZD$300 per cow 
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is lost annually due to costs associated with transition 
failure (i.e., cows that experience health disorders; 
Compton et al., 2007; Roche, 2014).
Previous studies have indicated that the high inci-
dence of disease during the transition period is linked 
to a state of reduced immune function (Detilleux et 
al., 1995; Goff and Horst, 1997; Heiser et al., 2015). 
In these investigations, neutrophils have received much 
attention due to their essential role in defense against 
pathogens responsible for mastitis and uterine infec-
tions (Madsen et al., 2004; Hammon and Goff, 2006; 
Graugnard et al., 2012). Functional studies at the cel-
lular level have indicated neutrophil dysfunction during 
the peripartum period; for example, studies have shown 
reduced superoxide production, phagocytosis, expres-
sion of cell surface adhesion molecules, and capacity 
for migration (Kehrli et al., 1989; Burton et al., 1995, 
2005). Consequently, there is reduced efficiency of the 
neutrophil inflammatory response, thereby contribut-
ing to greater incidence of infection. The extent of this 
peripartum neutrophil dysfunction has not been fully 
elucidated.
Furthermore, the studies referred to were all under-
taken using high-yielding, housed cows. However, milk 
production is 30 to 50% less in pasture-based systems 
(Kolver and Muller, 1998), the population density on 
farm is lower, different management systems may al-
ter pathogen load, and the infectious disease-causing 
pathogens may differ. Therefore, we hypothesized that 
the changes in peripartum neutrophil function will be 
different in grazing dairy cows in the absence of stimu-
lation. To investigate this, neutrophils were extracted 
over the transition period from moderate-yielding, graz-
ing dairy cows and the expression of 78 genes involved 
in neutrophil function were investigated.
MATERIALS AND METHODS
Animal Handling
The Ruakura Animal Ethics Committee (Hamilton, 
New Zealand) approved all animal manipulations in 
accordance with the New Zealand Animal Welfare Act 
(Ministry of Primary Industries, 1999). The experiment 
was undertaken at Scott Farm, Hamilton, New Zealand 
(37°46cS, 175°18cE), between July and October 2013.
Experimental Design and Treatments
A subset of cows of mixed age and breed (Holstein-
Friesian, Jersey, and Holstein-Friesian × Jersey) were 
selected from a parent experiment, described in detail 
by Roche et al. (2015). Cows were 1 of 2 precalving BCS 
categories (4.0 or 5.0; based on a 10-point scale; Roche 
et al., 2004) and 1 of 2 levels of energy intake preced-
ing calving (75 or 125% of estimated requirements). 
Blood was sampled by coccygeal venipuncture at 5 time 
points over the transition period: 1 wk before estimated 
calving date (−1 wk; n = 46), day of calving (d 0; n 
= 46), d 7 (1 wk; n = 46), d 14 (2 wk; n = 45), and 
d 28 (4 wk; n = 43) postcalving. Blood for neutrophil 
isolation (total of 36 mL per cow at each time point) 
was collected in 6 evacuated blood tubes (Vacutainer; 
BD Bioscience, Plymouth, UK) containing acid citrate 
dextrose (solution b; 22.0 g/L of trisodium citrate, 8.0 
g/L of citric acid, 24.5 g/L of dextrose). Blood tubes 
were inverted 8 times and placed immediately on ice 
awaiting neutrophil isolation by differential centrifuga-
tion based on protocols (Osorio et al., 2013; Moyes et 
al., 2014), with modifications described herein. Blood 
for metabolite analysis was collected in evacuated 
blood tubes containing a lithium heparin anticoagulant, 
inverted, and placed immediately on ice; within 30 min, 
blood tubes were centrifuged at 1,500 × g for 12 min 
at 4°C, plasma aspirated, and stored at −20°C until 
assayed.
Liver Sampling for Triacylglycerol Analysis
Liver samples were collected from all cows by biopsy 
the week before calving (wk −1), and subsequently on 
wk 1, 2, and 4 postcalving. Briefly, the skin was shaved 
and disinfected and the area anesthetized with 7 mL of 
2% lignocaine (Lopaine 2%, lignocaine hydrochloride 
20 mg/mL, Ethical Agents, South Auckland, New Zea-
land). An incision was made through the skin in the 
right 11th intercostal space at the level of the greater 
trochanter, through which a 12-gauge × 20-cm biopsy 
needle was inserted into the liver and approximately 
1 g (wet weight) of liver tissue was collected. Liver 
samples were snap-frozen in liquid nitrogen and stored 
at −80°C.
Neutrophil Isolation
Neutrophils were isolated according to procedures 
previously described (Moyes et al., 2010a; Osorio et al., 
2013) with modifications. Blood collected in the 6 acid 
citrate dextrose evacuated blood tubes were inverted 
and pooled by transfer into a 50-mL conical tube. Tubes 
were centrifuged for 30 min at 850 × g at 4°C. The 
plasma, buffy coat, and up to one-third of the red blood 
cells were aspirated by pasture pipette and discarded, 
leaving two-thirds of red blood cells and neutrophils 
remaining. Water (milliQ, Millipore, Billerica, MA) was 
added (25 mL) and mixed for 10 to 30 s to lyse the red 
blood cells, and 5 mL of 5× concentrated PBS (pH 7.4, 
Life Technologies, Carlsbad, CA) was added to each 
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tube to restore isotonicity. Tubes were spun at 330 × g 
for 10 min at 4°C and supernatant decanted to isolate 
the white cell pellet. The pellet was washed with 10 
mL of 1× concentrated PBS (pH 7.4, Life Technolo-
gies), vortexed, and centrifuged for 5 min at 660 × g at 
4°C. If red blood cells remained, the water-lysing step 
was repeated. Cells were resuspended in 5 mL of 1× 
PBS (pH 7.4) and 100 μL was transferred to a 1.5-mL 
microcentrifuge tube (Raylab, Auckland, New Zealand) 
and placed on ice for subsequent viability and staining 
assays. The 50-mL tubes were centrifuged again (5 min 
at 660 × g at 4°C), liquid decanted, and the cell pellet 
resuspended in 1 mL of TRIzol reagent (Life Technolo-
gies). The 1-mL cell suspension was transferred to a 
2-mL microcentrifuge tube (Eppendorf, Hamburg, Ger-
many), placed immediately on ice, and stored at −80°C 
for subsequent RNA extraction.
Flow Cytometry Analysis
A subpopulation of isolated cells from randomly 
selected samples (n = 41) was used to determine cell 
viability and neutrophil population by flow cytometry 
analysis (Figure 1) using the BD FACS Aria II cell 
sorter (BD Biosciences, San Jose, CA). Viability was 
measured using LIVE/DEAD Fixable Blue Dead Cell 
Stain Kit (L23105, Life Technologies), and neutrophil 
populations were determined with the bovine granu-
locyte-specific primary monoclonal antibody CH138A 
(WS0608B-100, Kingfisher Biotech Inc., St. Paul, MN) 
and phycoerythrin-conjugated secondary antibody 
(SB102009S, Southern Biotech, Birmingham, AL). Of 
all the granulocytes isolated (78.6 ± 14.4%; median ± 
SD) with this procedure, 93.4 ± 7.9% (mean ± SD) 
were neutrophils and, of these, 93.3 ± 10.2% (mean ± 
SD) were live cells.
RNA Extraction
Total RNA was extracted from neutrophils (n = 
226) using TRIzol reagent as per the manufacturers’ 
instructions. Briefly, cell suspensions in TRIzol were 
homogenized using a PRO200 homogenizer (Pro Sci-
entific, Oxford, CT); suspensions underwent two 20-s 
bursts of the homogenizer at full speed (500 Hz) and 
were placed on ice after every homogenization. The 
homogenizer tool was rinsed twice with 75% ethanol 
and water, and once with RNaseZap (Life Technolo-
gies) between each sample. Chloroform was added to 
the homogenized samples and, after centrifugation, the 
aqueous phase was carefully removed. Precipitation of 
RNA was achieved with the addition of isopropanol 
(Merck Millipore, Billerica, MA) and the subsequent 
RNA pellet was washed (with 75% ethanol), dried, and 
resuspended in UltraPure RNase/DNase-free distilled 
water (Life Technologies). All RNA samples were DNase 
treated using the Ambion DNA-free kit (Life Technolo-
gies). The quantity of RNA was determined by spec-
trophotometry using a Nanodrop ND-1000 (Nanodrop 
Technologies, Wilmington, DE) and RNA integrity was 
confirmed using an Agilent 2100 Bioanalyzer and RNA 
6000 Nano LabChip kit (Agilent Technologies, Santa 
Clara, CA). Samples had an average RNA integrity 
number (±SD) of 8.0 ± 0.77. Samples were stored at 
−80°C until cDNA synthesis.
cDNA Synthesis and Primer Design
Total RNA (2 μg) from each sample was reverse 
transcribed using a Superscript III Supermix kit (Life 
Technologies) with random pentadecamer primers [In-
tegrated DNA Technologies (IDT), Singapore] at a final 
concentration of 27 μM. Reverse-transcriptase negative 
controls were also generated by excluding the enzyme, 
and cDNA samples were stored at −20°C.
Assay design for 96 gene targets (78 genes involved in 
neutrophil function and 18 possible endogenous control 
genes identified using current literature, Supplemental 
Table S1; http://dx.doi.org/10.3168/jds.2015-10877) 
for use in reverse transcription-quantitative PCR (RT-
qPCR) was undertaken using publicly available bovine 
gene sequences from the National Center for Biotechnol-
ogy Information gene database (http://www.ncbi.nlm.
nih.gov). Assays were designed to span an intron-exon 
boundary, where possible, using Roche Universal Probe 
Library (UPL; Roche, Basel, Switzerland) design soft-
ware. Primer sequences were verified by BLAST and 
PrimerBLAST analysis (http://www.ncbi.nlm.nih.gov/
tools/primer-blast/) to ensure specificity. Assays were 
tested on a LightCycler 480 instrument (Roche). Each 
RT-qPCR reaction contained custom designed forward 
and reverse primers (200 nM, IDT), UPL unique probe 
(50 nM, Roche), LightCycler 480 Probes Master (2× 
concentration), and RNase/DNase-free distilled water. 
Standard cycling conditions were used [95°C for 10 min 
(95°C for 10 s, 60°C for 30 s) × 50 cycles, 40°C for 
40 s]. To test assays, a 6-point, 10-fold standard curve 
was generated starting at 1× dilution (1:4 dilution of 
raw cDNA) to 1 × 10−6 dilution. Positive and negative 
samples were verified with gel electrophoresis to ensure 
a single product free of genomic DNA contamination 
and to verify the amplicon size.
Gene Expression
Expression of genes involved in neutrophil function 
was assayed using RT-qPCR using the BioMark HD 
real-time PCR system (Ramaciotti Centre, University 
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of New South Wales, Randwick, Australia). Microflu-
idics 96.96 Dynamic Array (Fluidigm, San Francisco, 
CA) integrated fluidic circuit chips combined with 
Roche UPL chemistry were used to generate expression 
results for 96 gene targets for all samples (n = 226). 
A preamplification of cDNA was undertaken to cre-
ate specific target amplified reactions by multiplexing 
forward and reverse primers (200 nM) of the 96 assays 
with 5× concentration PreAmp Master Mix (Fluidigm) 
and the following cycling protocol: 95°C for 10 min 
(95°C for 15 s, and 60°C for 4 min) × 14 cycles. Assay 
mixtures, including forward and reverse primers (800 
nM), Roche UPL probes (100 nM), and 2× concentra-
tion assay loading reagent (Fluidigm) were combined 
with 2× concentration Roche LightCycler 480 Probes 
Master (Roche) and 20× gene expression sample load-
Figure 1. Flow cytometric pictures demonstrating gating strategy of representative sample after neutrophil isolation protocol. (A) Initial 
gating removes counts that are sitting on the edges of the flow cytometry parameters. Counts were plotted by forward scatter-area (FSC-A) 
and FSC-height (FSC-H) to remove doublets (data not shown). (B) Gating strategy to identify population of granulocytes from peripheral 
blood mononuclear cells (PBMC) based on side scatter-area (SSC-A) and FSC-A. (C) Of the total granulocytes isolated, neutrophils (quadrant 
2; PMN) could be distinguished from non-neutrophil granulocytes (quadrant 1; non-PMN granulocytes) based on CH138A-phycoerythrin (PE) 
fluorescence.
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ing reagent (Fluidigm) on a 96.96 gene expression chip 
(Fluidigm) for use in the BioMark HD instrument. The 
gene expression thermal cycling protocol “GE 96 × 96 
UPL v1.pcl” (Biomark HD Data Collection software 
v3.0.2), 70°C for 30 min, 25°C for 10 min, 95°C for 1 
min, followed by 35 cycles of 96°C for 5 s, and 60°C for 
20 s, was used to generate crossing point (Cp) values.
Possible endogenous control genes were tested across 
all samples using GeNorm (Vandesompele et al., 2002) 
and NormFinder (Andersen et al., 2004) software. A 
5-point standard curve was included (3-fold serial dilu-
tions from 3.33 × 10−1 to a final dilution of 4.12 × 
10−3) to calculate RT-qPCR efficiency of all 96 genes. 
Eighteen potential endogenous control genes were in-
cluded in the experiment. Of the 18 endogenous control 
genes tested, RPL19 and YWHAZ were chosen as the 
2 endogenous control genes for this neutrophil study. 
The NormFinder stability of the combination of these 2 
genes was 0.072 and the GeNorm stability values were 
<0.58 for both genes, with no improvement in stability 
with the addition of a third endogenous control gene.
Relative quantification was achieved using the delta 
Cp method; the geometric mean of the Cp values of the 
endogenous control genes were calculated and the tar-
get assay Cp values were made relative to the geometric 
mean of endogenous controls (ΔCp). The fold change 
relative to the day of calving (ΔΔCp; data not shown) 
can be calculated as shown in equation [1]:
 ΔΔCp = Egene of interest
−(ΔCp time point − ΔCp d 0),  [1]
where E is the efficiency of the RT-qPCR reaction 
(Supplementary Table S1; http://dx.doi.org/10.3168/
jds.2015-10877) calculated using the slope of the stan-
dard curve generated by RT-qPCR and the Fluidigm 
Real-Time PCR Analysis software.
Metabolite Analysis
Blood metabolite and the liver triacylglycerol (TAG) 
assays were undertaken by Gribbles Veterinary Pathol-
ogy Ltd. (Hamilton, New Zealand). Full details of 
blood metabolite analysis are described in Roche et al. 
(2015). Briefly, blood metabolites were assayed using 
colorimetric techniques at 37°C with a Hitachi Modular 
P800 analyzer (Roche). Roche reagent kits were used 
to measure plasma concentrations of albumin (g/L), 
BHB (mmol/L), Ca (mmol/L), Mg (mmol/L), and 
total protein (g/L). Plasma globulin was calculated 
as the difference between total protein and albumin. 
Plasma nonesterified fatty acid (NEFA) concentra-
tions (mmol/L) were measured using WAKO Chemi-
cals (Osaka, Japan) kit. Interleukins (IL-1β and IL-6) 
and haptoglobin were analyzed by commercial bovine 
ELISA kits (Pierce, Thermo Scientific, Waltham, MA, 
and GenWay Biotech Inc., San Diego, CA, and Life 
Diagnostics Inc., West Chester, PA). Cholesterol and 
total antioxidant capacity (TAC) were also measured 
through commercially available kits (10007640 and 
709001 respectively, Cayman Chemical Company, Ann 
Arbor, MI). Reactive oxygen species (ROS) were mea-
sured through a commercially available fluorimetric kit 
(STA-342, Cell Biolabs Inc., San Diego, CA). Liver TAG 
content was analyzed in biopsy samples (wk 1, 2, and 4 
postcalving) using the standard procedure provided in 
the Wako LabAssay TM Triglyceride Kit (290–63701, 
Wako Chemicals USA Inc., Richmond, VA).
Statistics
All variables (gene expression, metabolites, and pro-
duction) were subjected to repeated measures ANOVA 
to assess the effect of time, using a mixed models ap-
proach (Proc Mixed, SAS 9.3, SAS Institute Inc., Cary, 
NC) that included the fixed effects of treatment in the 
parent experiment, week, and their interaction, with 
cow as a random effect. The model for gene expression 
also included the Fluidigm chip as a blocking factor, 
whereas the models for metabolites and production, 
where possible, included covariate data from the previ-
ous lactation. Metabolite data including BHB, NEFA, 
aspartate transaminase (AST), haptoglobin, IL-1β, 
IL-6, and ROS were log10 transformed to achieve ho-
mogeneity of variance. If the effect of time was signifi-
cant (P < 0.05), Tukey’s t-test was used for pairwise 
comparisons among weeks. Statistical significance was 
considered P ≤ 0.05 and a trend was considered when 
P ≤ 0.10. Results are presented as least squares means 
with standard error of the difference.
RESULTS
The expression of genes involved in neutrophil func-
tion across the transition period is presented in Table 
1. Genes are grouped into functional pathways and 
presented in alphabetical order within those groups. 
Relative expression (ΔCp) at each time point is pre-
sented, along with standard error of the difference and 
significance of time effect (P-value). Genes that were 
not significantly (P ≥ 0.05) altered by time were CCL3, 
CXCR4, IL8, TRAF6, CD14, FCGR1A, TAP, CPNE3, 
IAP, CDC42, DAXX, NFKB, PPARA, and ABCA1 
(data not shown).
Expression of Genes Involved  
in the Inflammatory Response
Gene expression of proinflammatory cytokines IFNG, 
TNF, and IL23A and the chemokine CCL2 were down-
Journal of Dairy Science Vol. 99 No. 8, 2016
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Table 1. Expression of genes involved in neutrophil function that changed significantly (P < 0.05) over the transition period1
Function  Gene
Time relative to parturition (d 0)
SED2 P-value−1 wk d 0 1 wk 2 wk 4 wk
Inflammation CCL2 13.57a 8.75b 13.24a 13.38a 13.89a 0.73 <0.01
 IFNG 21.25a 14.48b 21.48a 21.03a 23.78a 1.76 <0.01
 IL1R2 5.22bc 6.34a 5.53b 5.15bc 4.87c 0.21 <0.01
 IL10 3.71b 4.62a 3.64b 3.72b 3.53b 0.13 <0.01
 IL12 17.00ab 16.26b 17.09ab 17.55a 17.74a 0.48 <0.01
 IL1RN 2.72a 2.59ab 2.37b 2.46b 2.48ab 0.09 <0.01
 IL23A 3.61b 2.63c 4.14a 3.90ab 4.23a 0.16 <0.01
 IL6 7.33bc 8.50a 8.08ab 7.61abc 7.25c 0.35 <0.01
 TNF 5.64b 5.10c 5.99a 6.03a 6.03a 0.14 <0.01
Immune mediators BOLA-DRA 3.20a 2.50c 3.15ab 2.89b 3.09ab 0.10 <0.01
 CXCR1 3.26ab 3.31a 2.82c 2.95bc 2.80c 0.10 <0.01
 CXCR1&2 30.62ab 30.70a 30.07c 30.20bc 30.21bc 0.18 <0.01
 CXCR2 4.04ab 4.28a 3.48c 3.66bc 3.68bc 0.14 <0.01
 FCER1G 6.56ab 6.68a 6.23c 6.30bc 6.47abc 0.10 <0.01
 MYD88 3.44b 3.70a 2.99c 3.10c 3.11c 0.11 <0.01
 PTPRC 2.46ab 2.41ab 2.31ab 2.30b 2.54a 0.08 <0.05
 SYK 2.08b 2.17ab 2.16ab 2.17ab 2.26a 0.07 <0.05
 TLR2 2.60b 3.06a 2.42bc 2.43bc 2.24c 0.10 <0.01
 TLR4 4.46a 4.28ab 4.06b 4.18ab 4.30ab 0.13 <0.05
Antimicrobial BNBD4 10.42c 11.76a 11.13b 10.63bc 10.36c 0.24 <0.01
 DEFB1 5.42b 6.76a 5.90b 5.62b 5.42b 0.24 <0.01
 DEFB10 6.20b 7.56a 6.86b 6.44b 6.04b 0.27 <0.01
 LAP 15.91bc 16.65a 16.21ab 16.05abc 15.63c 0.19 <0.01
 MMP8 8.63b 9.74a 8.65b 8.64ab 8.46b 0.37 <0.01
 MMP9 3.16c 4.59a 3.85b 3.73b 3.57bc 0.21 <0.01
 MPO 8.60ab 7.84bc 7.45c 7.33c 9.09a 0.38 <0.01
 PRKCB1 2.24b 2.42ab 2.32ab 2.43ab 2.53a 0.08 <0.01
 SOD1 5.98b 6.57a 6.60a 6.48a 6.41a 0.19 <0.01
 TAP 7.77a 7.53a 8.11a 7.15a 6.85a 0.53 0.06
 XBP1 17.64a 16.46b 17.45ab 17.30ab 17.75ab 0.34 <0.05
Adhesion CD44 2.27b 2.59a 2.35b 2.21b 2.30b 0.08 <0.01
 ITGA4 4.60b 3.70c 4.59b 4.54b 4.97a 0.13 <0.01
 ITGAL 2.45b 2.44b 2.50ab 2.64ab 2.78a 0.09 <0.01
 ITGAM 2.51b 2.49b 2.45b 2.45b 2.82a 0.09 <0.01
 ITGAX 2.52b 3.13a 2.65b 2.51b 2.59b 0.10 <0.01
 ITGB2 1.89b 2.23a 2.03ab 2.01ab 2.10a 0.08 <0.01
 LGALS8 3.10b 2.68c 3.36ab 3.31ab 3.52a 0.11 <0.01
 SELL 3.24a 3.27a 2.82b 2.89b 2.99ab 0.10 <0.01
 TLN2 15.02a 13.74b 15.78a 15.67a 15.84a 0.35 <0.01
Maturation ANXA3 2.30a 1.96b 2.15ab 2.13ab 2.21a 0.08 <0.01
 BCL2 3.27b 2.39c 3.67a 3.57ab 3.80a 0.11 <0.01
 CASP8 2.26a 1.98b 2.13ab 2.16ab 2.32a 0.07 <0.01
 FADD 7.91a 7.89a 4.95a 5.03a 4.93a 1.27 <0.05
 FASLG 3.96bc 3.48c 4.02b 3.93b 4.65a 0.13 <0.01
 FCGR3A 6.02a 4.54c 5.37b 5.60ab 5.68ab 0.16 <0.01
 KIT 4.67b 3.37c 5.53a 5.21a 5.55a 0.16 <0.01
 MCL1 3.23ab 3.40a 2.89c 3.04bc 3.15abc 0.12 <0.01
 PTPRC 2.46ab 2.41ab 2.31ab 2.30b 2.54a 0.08 <0.05
 RIPK1 2.91a 2.50ab 2.45c 2.64bc 2.71b 0.08 <0.01
 S100A9 2.91b 4.14a 3.01b 3.01b 2.71b 0.17 <0.01
 THY1 4.08c 5.93a 4.76b 4.61bc 4.26bc 0.24 <0.01
Transcription factors NCOR1 1.79ab 1.77b 1.89ab 1.85ab 1.98a 0.06 <0.01
 NCR3 3.00b 2.35c 2.82b 3.03b 3.48a 0.12 <0.01
 PPARD 3.40b 3.72a 3.11b 3.21b 3.13b 0.13 <0.01
 PPARG 5.78ab 6.21a 5.89ab 5.40b 5.55b 0.17 <0.01
 RXRA 5.07b 5.64a 4.99b 5.02b 4.85b 0.18 <0.01
 STAT3 9.01a 8.88a 7.75b 8.41ab 8.39ab 0.42 <0.01
Leukotriene pathway ALOX5 5.28a 5.08ab 4.35b 4.21b 5.65a 0.24 <0.01
 ALOX5AP 2.58b 3.56a 2.62b 2.65b 2.69b 0.14 <0.01
 PLA2G4A 2.94b 3.46a 2.75b 2.77b 2.93b 0.12 <0.01
Cellular metabolism SLC2A1 5.11b 4.23c 4.81b 4.74bc 5.71a 0.17 <0.01
 LDHA 3.27b 3.84a 3.30b 3.11b 3.12b 0.11 <0.01
a–cResults of Tukey’s t-test are presented in superscript for pairwise comparisons between week; where any 2 time points, for each gene, with at 
least 1 common letter do not differ significantly (P > 0.05) and those without at least 1 common letter differ significantly (P < 0.05). 
1Expression is presented as means over time in arbitrary units normalized to 2 endogenous control genes (RPL19 and YWHAZ; ΔCp). 
2SED = standard error of the difference.
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regulated (P ≤ 0.05) on the day of calving compared 
with all other time points, and IL12 was downregu-
lated at calving compared with 2 and 4 wk postcalving. 
Consistent with this, we noted increased gene expres-
sion of cytokines IL10, an anti-inflammatory cytokine 
(Saraiva and O’Garra, 2010) and IL6, which can act 
as an anti-inflammatory cytokine during acute inflam-
mation (Xing et al., 1998). Gene expression of IL8 in 
neutrophils was not altered over the transition period 
(data not shown). Transcript abundance of IL8 recep-
tors however (CXCR1 and CXCR2) were downregu-
lated postcalving compared with −1 wk and the day 
of calving. Expression of the gene encoding the major 
histocompatibility complex (MHC) class II molecule 
BOLA-DRA decreased on the day of calving compared 
with all other time points. We observed no significant 
(P = 0.18) changes in the expression of CXCR4 over 
the transition period.
7ROO/LNH5HFHSWRU6LJQDOLQJ
Expression of genes involved in toll-like receptor 
(TLR) signaling, including TLR2, TLR4, XBP1, 
TRAF6, and MYD88, declined after calving relative to 
precalving expression levels. For example, gene expres-
sion of XBP1 and TLR4 was greater before calving than 
on the day of calving and 1 wk postcalving, respectively 
(P < 0.05). Similarly, TLR2 and MYD88 gene expres-
sion was greater on the day of calving compared with 
postcalving time points. However, TLR signaling genes 
TRAF6 and CD14 were not differentially expressed 
over the transition period.
Expression of Genes Involved in Antimicrobial 
Function of Neutrophils
Expression of antimicrobial peptide genes BNBD4, 
DEFB1, and DEFB10 was upregulated (P < 0.05) on 
the day of calving, compared with pre- and postcalving 
time points. Likewise, LAP gene expression was greater 
(P < 0.01) on the day of calving compared with pre-
calving and 4 wk postcalving. We noted a tendency 
(P = 0.06) for the gene expression of TAP to change 
with time, with a 1.5-fold increase at 1 wk postcalv-
ing compared with the day of calving. Expression of 
other microbicidal genes, MPO and SOD1, were also 
differentially expressed over the transition period; 
SOD1 gene expression was lowest at −1 wk, increased 
on the day of calving, and remained elevated across the 
4-wk measurement period. In comparison, expression of 
MPO was 2.0-fold less on the day of calving (P < 0.05) 
before returning to precalving expression levels at 4 wk.
Expression of matrix metalloproteinase genes MMP8 
and MMP9 was upregulated on the day of calving com-
pared with all other time points. Expression of both 
transcripts decreased immediately postcalving; how-
ever, transcript abundance of MMP9 remained above 
precalving levels at 1 (1.6-fold) and 2 wk (1.5-fold) 
postcalving (P < 0.05).
Expression of Genes Involved in Attachment  
and Extravasation
Expression of the SELL gene was downregulated 
(P < 0.05) at all time points postcalving relative to 
precalving and the day of calving. Relative gene ex-
pression of the integrins across the transition period 
was dependent on the integrin considered; ITGAL and 
ITGAM remained stable throughout the immediate 
calving period, but expression was greater (P < 0.01) 
at wk 4 postcalving. The abundance of transcripts for 
the ITGAX and ITGB2 integrins and CD44 was greater 
(P < 0.05) on the day of calving compared with most 
other time points, whereas ITGA4 integrin and extra-
cellular matrix adhesion proteins LGALS8 and TLN2 
were downregulated on the day of calving and exhibited 
greatest expression at wk 4 postcalving. We noted no 
change in the gene expression levels of IAP and CPNE3 
across the time points considered.
Neutrophil Maturation and Cell Cycle
Several genes involved in the regulation of apoptosis 
were differentially expressed over the transition period. 
Gene expression of FASLG, BCL2, and KIT was de-
creased on the day of calving compared with all other 
time points. Furthermore, CASP8 gene expression was 
also lower on the day of calving compared with 1 wk 
precalving and 4 wk postcalving. Gene expression of 
RIPK1, FCGR3A, and ANXA3 was lower on the day of 
calving compared with precalving levels. Gene expres-
sion of RIPK1 remained low for all postcalving time 
points (P < 0.05), whereas gene expression of both 
FCGR3A and ANXA3 recovered within the first week 
postcalving. Gene expression of MCL1 was greater on 
the day of calving, compared with wk 1 and 2 postcalv-
ing. Other genes involved in cell differentiation, includ-
ing S100A9 and THY1, had increased gene expression 
on the day of calving compared with all other time 
points.
Expression of Transcription Factors
The gene expression of the transcription factors 
PPARD and RXRA was greater on the day of calving 
compared with all other time points (P < 0.05). Gene 
expression of the other transcription factors investi-
gated (NCOR1, NCR3, PPARG, and STAT3) changed 
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with time but did not have any consistent expression 
changes. We found no significant effects of week on 
gene expression of NFKB1 and PPARA.
Cholesterol Transport, Leukotrienes, Glucose 
Transport, and Glycolysis
Expression of genes involved in cholesterol transport 
and leukotriene synthesis was generally lower postcalv-
ing compared with precalving or the day of calving. For 
example, transcript abundance of PLA2G4A and AL-
OX5AP was greater on the day of calving relative to all 
other time points, whereas precalving ALOX5 exceeded 
that at 1 (1.8-fold) and 2 wk (2.1-fold) postcalving and 
returned to precalving levels at 4 wk. We observed no 
significant alteration in ABCA1 gene expression over 
the calving period.
Gene expression of SLC2A1 (encoding the glucose 
transporter GLUT1) was decreased on the day of calv-
ing compared with most other time points, and the 
expression was greatest at 4 wk postcalving (2.8 fold-
greater than d 0). Abundance of LDHA was greater on 
the day of calving compared with all other time points 
(P < 0.05).
Milk Production and Metabolic Data
Milk yield increased from wk 1 to 4, but fat and 
protein percent declined (Table 2). As a result, fat and 
protein yields were not affected by time. The profile of 
changes in metabolite data over the transition period 
is presented in Table 3. All metabolites changed with 
time (P < 0.05). Total protein was greater (P < 0.05) 
on the day of calving and at 4 wk postcalving com-
pared with other time points. Albumin also increased 
on the day of calving, and globulin concentrations 
varied over the transition period; however, an increase 
in plasma globulin at 4 wk postcalving resulted in a 
decreased albumin-to-globulin ratio at this time point. 
Liver TAG, AST, and IL-6 concentrations were low-
est precalving and increased postcalving. Haptoglobin 
increased at calving, with variable concentrations post-
calving. Blood cholesterol concentrations were elevated 
at 4 wk postcalving compared with other postcalving 
time points.
DISCUSSION
The presented results provide evidence of altered gene 
expression signatures in the neutrophils from moderate-
yielding dairy cows grazing fresh pasture immediately 
before and after parturition. Results are consistent with 
reported changes in cellular function in higher-yielding 
cows fed TMR (Kehrli and Goff, 1989; Kehrli et al., 
1989; Detilleux et al., 1995). The current interpretation 
of the transcription results supports the hypothesis of 
a change in neutrophil function during the transition 
period that is likely a normal adaptation to calving. 
Collectively, the data indicate changes to the inflamma-
tory response, the antimicrobial capacity, cellular adhe-
sion and metabolism, and the developmental maturity 
of the circulating population of neutrophils during the 
peripartum period. For example, gene expression of cy-
tokines and cytokine receptors, adhesion proteins, and 
genes involved in apoptosis were differentially expressed 
over the transition period. Furthermore, the transcrip-
tion profiles indicate changes in the maturation state of 
neutrophils around the time of calving. It is conceivable 
that these changes may be associated with peripartum 
neutrophil dysfunction and the associated increase in 
incidence of infectious disease during this period (Mal-
lard et al., 1998).
Table 2. Production results over transition period; results are presented as LSM with standard error of the 
difference (SED) and significance of week (P-value)
Parameter
Time relative to parturition (d 0)
SED
P-value
d 0–7 
(1 wk)  
d 8–14 
(2 wk)  
d 21–28 
(4 wk) Week
Milk weight, kg 21.15c  22.31b  24.16a 0.28 <0.01
Composition, %        
 Fat 5.13a  4.7b  4.22c 0.11 <0.01
 Protein 4.15a  3.62b  3.33c 0.05 <0.01
 Lactose 4.69b  4.82a  4.83a 0.09 <0.01
Yield, kg/d        
 Fat 1.1  1.06  1.02 0.03 0.08
 Protein 0.89a  0.81b  0.80b 0.02 <0.01
Log10 SCC 5.09
a  4.91a  4.67b 0.08 <0.01
a–cResults of Tukey’s t-test are presented in superscript for pairwise comparisons between week; where any 2 
wk, for each parameter, with at least 1 common letter do not differ significantly (P > 0.05) and those without 
at least 1 common letter differ significantly (P < 0.05).
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Inflammation and the Inflammatory Response
The inflammatory state of neutrophils was altered 
at calving, a response similar to that observed dur-
ing acute inflammation. Genes involved in inflam-
mation and mediation of the inflammatory response, 
for example those for cytokines, TLR, and the MHC 
class II molecule BOLA-DRA, were differentially ex-
pressed over the transition period. Consistent with an 
inflammatory state around calving is the increase in 
plasma IL-6 and haptoglobin, indicating activation of 
the acute phase response at calving and in the early 
postpartum (Sordillo and Aitken, 2009; Bossaert et al., 
2012). At calving, gene expression of TLR2 and IL6 
was increased and BOLA-DRA decreased, comparable 
to the neutrophil response to an intramammary infec-
tion challenge (Moyes et al., 2010b). This gene expres-
sion profile is also exhibited in leukocytes isolated from 
postpartum grazing cows during an in vitro challenge 
with staphylococcal enterotoxin B and LPS (Heiser et 
al., 2015) and in response to postpartum subclinical 
endometritis (Walker et al., 2015). Parturition allows 
entry of pathogens into the uterus, thereby activating 
the immune response (Sheldon and Dobson, 2004). 
Neutrophils have a dual role in this response: destroy-
ing invading pathogens and maintaining an appropri-
ate level of inflammation (Kehrli and Goff, 1989). This 
dual response must be balanced to ensure neutrophils 
retain the ability to destroy invading pathogens while 
avoiding detrimental inflammation. The extent of this 
response varies considerably between individual cows 
(Heiser et al., 2015), suggesting that some individuals 
are more susceptible to infectious disease than others.
Decreased expression of BOLA-DRA on the day 
of calving could infer a change in the interaction of 
neutrophils with the adaptive immune response. This 
is consistent with the reported decrease in MHC-II 
populations immediately postcalving in whole-blood 
leukocytes (Van Kampen and Mallard, 1997). Gene 
expression profiles from circulating neutrophils over 
the transition period are indicative of a change in their 
inflammatory phenotype on the day of calving. This 
change is likely a normal adaptation to parturition that 
can affect the inflammatory response of neutrophils 
and, in some individuals, increase susceptibility to in-
fection.
Expression of Antimicrobial Peptides
Expression of genes encoding antimicrobial peptides 
(DEFB1, DEFB10, BNBD4, and LAP) in circulating 
neutrophils was upregulated on the day of calving, 
indicating an increase in the antimicrobial capability 
of neutrophils in response to parturition. Antimicrobial 
peptides, such as β-defensins, are cytotoxic to patho-
genic microorganisms and are expressed in bovine 
Table 3. Metabolite results over transition period; results are presented as LSM with standard error of the difference (SED) and significance 
of week (P value)
Parameter1  Units
Time relative to parturition (d 0)
SED
P-value
−1 wk d 0 1 wk 2 wk 4 wk Week
Metabolites                
 Total protein g/L 68.58c 70.67b 68.31c 70.39bc 73.44a 0.77 <0.01
 Albumin g/L 35.54b 36.84a 35.26b 35.14b 35.57b 0.42 <0.01
 Globulin g/L 33.03c 33.82bc 33.11c 35.24b 37.87a 0.56 <0.01
 Albumin:Globulin   1.10a 1.11a 1.09a 1.02b 0.95c 0.02 <0.01
 BHB mmol/L 0.51b 0.80a 0.72ab 0.73ab 0.65b 0.06 <0.01
 AST U/L 61.1b 82.08a 78.22a 85.34a 82.73a 3.26 <0.01
 NEFA mmol/L 0.66bc 0.55c 1.07a 0.76b 0.56c 0.07 <0.01
 Haptoglobin ng/mL 3.12c 4.20a 3.71b 3.60bc 3.37c 0.11 <0.01
 Cholesterol mM 3.32ab 3.30b 3.26b 3.30b 3.40a 0.04 <0.01
 Liver TAG % 0.39b . 0.65a 0.70a 0.67a 0.02 <0.01
Cytokines                
 IL-1β μg/mL 1.34b 1.35b 1.51a 1.46a 1.24c 0.03 <0.01
 IL-6 ng/mL 2.48c 3.37a 3.08b 2.50c 2.26d 0.07 <0.01
Inflammatory mediators              
 ROS μM 0.02d 0.11c 0.26a 0.19b 0.12c 0.01 <0.01
 Total antioxidant capacity mM 0.39b 0.11c 0.61a 0.30b 0.57a 0.04 <0.01
Minerals                
 Mg mmol/L 0.20b 0.23a 0.21ab 0.2b 0.01 0.02
 Ca mmol/L 0.50b 0.48c 0.51a 0.52a 0.01 <0.01
a–cSuperscript letters denote results of Tukey’s t-test for pairwise comparisons between weeks; time points with at least one common letter, for 
each parameter, do not differ significantly (P > 0.05) and those without at least one common letter differ significantly (P < 0.05).
1Metabolites BHB, nonesterified fatty acids (NEFA), aspartate transaminase (AST), haptoglobin, cytokines, and reactive oxygen species (ROS) 
are presented as log10 transformed.
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neutrophils (Savoini et al., 1984; Lai and Gallo, 2009; 
Meade et al., 2014). Expression of defensins occurs dur-
ing myelopoiesis and mature peptides are packaged into 
neutrophilic granules (Yount et al., 1995). Defensins 
are constitutively expressed in neutrophils. However, 
expression can be induced in a variety of epithelial tis-
sues during infection; for example, tracheal antimicro-
bial peptide (encoded by TAP) in ciliated respiratory 
epithelium, lingual antimicrobial peptide (encoded by 
the LAP gene) in epithelium of mammary gland al-
veoli (Diamond et al., 1996, 2000; Russell et al., 1996), 
and β-defensins in uterine tissue (Walker et al., 2015). 
Furthermore, β-defensin expression can be stimulated 
with LPS in bovine monocytes (Merriman et al., 2015). 
Defensins play an important role in innate immune 
responses and the reported transcription profile during 
the calving period in this study likely reflects the host 
response to damaged tissue inflammatory signals and 
the inevitable increased exposure of internal epithelial 
surfaces to potential pathogenic and nonpathogenic 
microorganisms.
Adhesion and Extravasation
The ability of neutrophils to exit the blood and enter 
infected tissue via chemotaxis, a property crucial for 
clearance of an infection, appears to be reduced during 
the weeks immediately following parturition. Parturi-
tion altered expression of integrins, extracellular matrix 
adhesion proteins, and matrix metalloproteinases and 
expression remained inconsistent postcalving in the 
current study. Experimental models of infection have 
demonstrated that the efficient influx of leukocytes into 
tissues is related to outcome of the infection (Hill, 1981; 
Burvenich et al., 1994; Van Werven et al., 1997). Ini-
tial attachment and rolling of neutrophils along blood 
vessel endothelium is mediated by selectin molecules 
(L-selectin; SELL) and the ability of neutrophils to 
migrate out of blood vessels is reliant on integrin mol-
ecules and extracellular matrix binding proteins. Inhi-
bition of integrin function highlights the importance of 
these proteins for successful trans-endothelial migration 
(Furie et al., 1991; Ding et al., 1999); in fact, recurrent 
bacterial infections is a common feature of mutations 
in genes of the adhesion cascade that result in leuko-
cyte adhesion deficiency syndromes (Schmidt et al., 
2013). The evident change in SELL expression in the 
grazing cows described here is consistent with previous 
experiments in TMR-fed cows (Lee and Kehrli, 1998). 
Those authors used flow cytometry and demonstrated 
decreased L-selectin and CD18 (encoded by the ITGB2 
gene) expression on neutrophils 24 h postparturition 
relative to day of calving. The differential expression 
patterns of the integrin genes presented here indicate 
possible changes to the adhesion specificity of neutro-
phils (Loike et al., 1991) and provides evidence for a 
change in the population of neutrophils at different 
maturation states over the transition period (Ingalls 
and Golenbock, 1995). Evidence exists that subpopula-
tions of neutrophils differ in the expression of adhesion 
molecules, thereby affecting their response to inflam-
matory stimuli (chemotaxis and extravasation; Kamp 
et al., 2012). The changes in expression of adhesion 
proteins and altered adhesion specificity of neutrophils 
demonstrated in our study is likely to have a detrimen-
tal effect on the neutrophil response to inflammatory 
stimuli and, as a result, may increase susceptibility to 
infection in the weeks immediately postcalving.
Maturation State
The transcription profiles from our study are indica-
tive of an increase in immature neutrophils on the day 
of calving, likely due to the inflammatory nature of 
parturition. Expression results indicate that an increase 
is likely in the number of immature cells at the band 
or promyelocyte stage of maturation on the day of 
calving, as well as decreased expression of FCGR3A, 
changes in expression of adhesion molecules, and an 
increase in neutrophil collagenase (MMP8) and gelati-
nase (MMP9). Decreased protein expression of FcγRIII 
(FCGR3A) is associated with immature neutrophils 
at the band stage, as well as reduced cellular function 
(Pillay et al., 2010). Furthermore, there is differential 
expression of adhesion molecules depending on the 
maturation state of neutrophils; for example, mature 
neutrophils express the Mac-1 complex (CD11b/CD18; 
ITGAM/ITGB2) over CD11c/CD18; ITGAX/ITGB2 
(Ingalls and Golenbock, 1995). According to the study 
by Pillay et al. (2010), distinct neutrophil subsets ex-
ist within circulating populations with unique cytokine 
and chemokine production. Shifts in the neutrophil 
population over the transition period could provide the 
mechanism for altered neutrophil function and provides 
an explanation for the unique cytokine expression sig-
nature on the day of calving. Systemic inflammation or 
periods of stress causes neutrophil egress from the bone 
marrow and results in increased immature neutrophils 
in circulation (Van Merris et al., 2002); this has been 
confirmed by flow cytometric and morphological inves-
tigation following LPS treatment in humans (Brown 
et al., 1989) and cows (Prin-Mathieu et al., 2002). In-
duction of parturition is an inflammatory event (Van 
Engelen et al., 2009) and neutrophil numbers increase 
up to parturition in dairy cows, followed by an increase 
in immature (band) cells in circulation (Detilleux et al., 
1995). Additional supporting evidence of an increase 
in immature neutrophils in circulation comes from the 
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increased expression of MMP8 and MMP9 on the day 
of calving in the current study. These peptides are 
usually packaged in granules in an inactive form to be 
activated after exocytosis (Faurschou and Borregaard, 
2003). Therefore, an increase in mRNA transcripts may 
indicate that fewer transcripts are in a tertiary protein 
structure packaged within granules in early lactation in 
the current experimental model; however, this would 
need to be confirmed by investigating granule formation 
and expression of MMP8 and -9 at the protein level. 
Data supports an increase in immature neutrophils in 
circulation on the day of calving, which may compro-
mise neutrophil function systemically and the ability of 
the neutrophil to neutralize invading pathogens.
Further evidence for a shift in the maturation state 
of circulating neutrophils around calving is the dif-
ferential expression of genes involved in apoptosis. We 
propose from our results that the decreased expression 
of proapoptotic genes (e.g., CASP8, KIT, and FASLG; 
Theilgaard-Mönch et al., 2004; Croker et al., 2011), 
with concomitant increase in expression of antiapop-
totic gene MCL1 (Dzhagalov et al., 2007), are indica-
tive of an increased neutrophil lifespan postcalving 
compared with the precalving state. Neutrophil apop-
tosis is tightly regulated (Luo and Loison, 2008) and a 
delay in apoptosis may be advantageous at the begin-
ning of an infection, as the onset of apoptosis leads to 
functional impairment (Whyte et al., 1993). Supporting 
evidence of a change in neutrophil apoptosis during the 
periparturient period was also reported by Chang et 
al. (2004). Their results indicate that the peripartum 
rise in glucocorticoids reduces Fas-induced apoptosis. 
Similarly, our results demonstrate decreased expression 
of FASLG on the day of calving, lending support to the 
conclusion that decreased apoptosis in response to glu-
cocorticoids (e.g., cortisol) is a mechanism for increas-
ing lifespan of neutrophils around parturition (Chang 
et al., 2004). Investigation of additional Bcl-2-related 
targets (e.g., BAD, BAK, and BAX) involved in apop-
tosis may provide further insight into neutrophil apop-
totic regulation over the transition period. The data 
presented here does not conclusively confirm increased 
lifespan of neutrophils on the day of calving; however, 
the transcription profile of genes involved in apoptosis 
is altered during the transition period, which may sup-
port a reprogramming of key apoptotic regulators in 
response to high cortisol concentrations at parturition.
Cellular Metabolism
Altered expression of transcription factors indicates 
changes to the control of inflammatory networks over 
the transition period. The expression of PPARD and 
RXRA are decreased 1 wk postcalving compared with 
on the day of calving, which is in agreement with results 
demonstrated by Osorio et al. (2013). Additional evi-
dence of activation of the PPAR network on the day of 
calving is (1) the increased expression of genes involved 
in leukotriene synthesis (ALOX5AP and PLA2G4A) 
and (2) decreased expression of the gene encoding the 
glucose transporter (SLC2A1) with increased expression 
of the gene encoding lactate dehydrogenase A (LDHA), 
an enzyme involved in glycolysis. These results are 
consistent with a change in the PPAR-RXRA inflam-
matory network and likely influenced by a change in 
the utilization of arachidonic acid for prostaglandin and 
eicosanoid production, which can activate the PPAR 
network (Osorio et al., 2013; Zhou et al., 2015). Ara-
chidonic acid, the precursor of leukotrienes, increases 
in neutrophils isolated under inflammatory conditions 
(Klock and Pieprzyk, 1979). Leukotrienes derived from 
oxidation of arachidonic acid (e.g., leukotriene B4) in-
duce PPAR expression; this stimulates production of 
the anti-inflammatory cytokine IL-10, which ensures 
chronic inflammation does not occur (Kuehl and Egan, 
1980; Buckley et al., 2014). The reduced expression of 
SLC2A1 (GLUT1) may be a reflection of increased glu-
cose requirements by the mammary gland (Bell, 1995) 
or a response to fetal cortisol release at parturition 
(Preisler et al., 2000). In this study we did not measure 
blood glucose concentrations; however, previous work 
suggests an increase on the day of calving (Roche, 
2007). Neutrophils rely on glucose uptake (via GLUT1) 
and glycolysis for antibactericidal effects and phago-
cytosis; therefore, if cellular metabolism is perturbed, 
neutrophil function will be affected (Borregaard and 
Herlin, 1982; Weisdorf et al., 1982). It is likely that the 
altered cellular metabolism in response to parturition 
dampens the inflammatory response of neutrophils dur-
ing the transition period and may prevent unnecessary 
excessive inflammation.
CONCLUSIONS
Our results indicate an altered inflammatory state 
in neutrophils during the transition period, providing 
additional evidence of changes in neutrophil function 
in response to the calving event and the homeorhetic 
adaptation to lactation. The gene expression profiles 
in grazing dairy cows align with current research indi-
cating neutrophil dysfunction in conventional housing 
systems. The changes in the inflammatory response 
likely increase the susceptibility of dairy cows to infec-
tion during the peripartum period. The reported gene 
expression changes may be associated with altered neu-
trophil populations favoring an immature phenotype; 
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however, further investigation will provide greater com-
prehension and possible mechanisms to shift popula-
tions potentially alleviating immunological strain.
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